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[Document Name] SPECIFICATION 

[Title of the Invention] IMMOBILIZED cDNA LIBRARIES 
[Claims ] 

[Claim 1] A cDNA library in which sense strand cDNAs are 
5 immobilized at the 5' -side. 

[Claim 2] The cDNA library of claim 1, wherein a common 
nucleotide sequence to cDNAs constituting the library is present at 
the 5' -terminal of sense strand cDNAs . 

[Claim 3] The cDNA library of claim 2, wherein the common 
10 nucleotide sequence is the sense sequence of a promoter specifically 
recognized by an RNA polymerase. 

[Claim 4] The cDNA library of claim 2, wherein the common 
nucleotide sequence encodes an arbitrary amino acid sequence and 
wherein the nucleotide sequence constitutes the same reading frame 
15 as the cDNAs . 

[Claim 5] The cDNA library of claim 1, wherein the sense strand 
cDNAs comprise a translation initiation codon. 

[Claim 6] The cDNA library of claim 5, wherein the translation 
initiation codon is derived from an mRNA. 
20 [Claim 7] A method for synthesizing a cDNA , wherein a known 

nucleotide sequence is artificially added to the 3' -terminal of a 
first strand cDNA and wherein an oligonucleotide used as a primer 
for synthesizing a second strand binds to a solid phase at the 5' - side , 
the method comprising: 
25 a) synthesizing the first strand cDNA using an mRNA as a template 

with a primer for synthesizing the first strand cDNA, and 

b) synthesizing a sense strand cDNA using, as a primer for 
synthesizing the second strand, an oligonucleotide comprising a 
sequence complementary to the 3 ' -side of the first strand cDNA produced 
30 in a) . 

[Claim 8] The method of claim 7, wherein the known nucleotide 
sequence is added to the 3' -terminal of the first strand cDNA by: 
a) binding an oligonucleotide comprising a known sequence to 
the 5' -terminal of an mRNA, and 
35 b) synthesizing the first strand cDNA using the mRNA of a) as 

a template with a primer for synthesizing the first strand. 




[Claim 9] The method of claim 8, wherein the oligonucleotide 
is bound in a) above by a method in which a CAP structure present 
at the 5' -terminal of the mRNA is specifically recognized. 

[Claim 10] A sense strand cDNA immobilized at the 5' -side, the 
5 sense strand cDNA which can be obtained by the method of any one of 
claims 7 to 9 . 

[Claim 11 ] A method for synthesizing a cDNA library by the method 
of any one of claims 7 to 9 using an mRNA as a starting material. 

[Claim 12] A cDNA library in which sense strand cDNAs are 
10 immobilized at the 5' -side, the cDNA librarywhich can be obtained 
by the method of claim 11. 

[Claim 13] A cDNA library comprising full-length cDNAs , the 
cDNA library which can be obtained by the method of claim 9 using 
an mRNA as a starting material. 
15 [Claim 14] A secondary cDNA library which can be obtained by 

amplifying the cDNA library of claim 12 or 13. 

[Claim 15] A method for obtaining an mRNA library, the method 
comprising synthesizing RNAs using the cDNA library of claim 3 as 
a template with a DNA-dependent RNA polymerase recognizing the promoter 
20 of claim 3 . 

[Claim 16] An mRNA library which can be obtained by the method 
of claim 15 . 

[Claim 17 ] A method for preparing a protein library , the method 
comprising translating the mRNA library of claim 16 into proteins 
25 with an expression system. 

[Claim 18 ] A protein library which can be obtained by the method 
of claim 17 . 

[Claim 19] A method for subtracting cDNAs , the method 
comprising : 

30 a) synthesizing cDNAs used as testers, 

b) hybridizing the cDNA using the sense strand cDNA library of 
any one of claims 1, 12, and 13 as a driver, and 

c) selecting cDNAs which have or have not hybridized in b) . 

35 [Detailed Description of the Invention] 
[0001] 
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[Technical Field of Industrial Application] 

The present invention relates to a cDNA library, a method for 
synthesizing the library, and a method for preparing an RNA or an 
RNA library, moreover a protein library in which the cDNA library 
5 is a template. 

[0002] 
[Prior Art] 

A method using a cDNA reverse-transcribed from mRNA as a template 
has been applied for a long time as one of approaches in molecular 
10 genetics. The use of cDNA enables understanding of the condition of 
a gene actually expressing in a cell, thus, is an important method 
for researches as well as an approach using genome, which is genetic 
information itself, as a material. 
[0003] 

15 In the case of using cDNA as a research material, a cDNA library 

synthesized based on mRNA is prepared in general . A cDNA library must 
fulfill the conditions in which a condition of mRNA is reflected as 
precisely as possible, and the following cloning and screening are 
easy to proceed. Reflection of a condition in mRNA means maintaining 

20 a population of mRNA in original cells. For example, loosing a weakly 
expressed gene at the cDNA synthesis or at replication of a library 
prevents efficient researches. Moreover, a quality of a library 
depends on whether the full-length mRNA is precisely reflected at 
the extraction of the template RNA or at the cDNA synthesis . Cleavage 

25 of a gene can cause a serious obstacle, especially in the screening 
by using a protein expressed from a gene as an indicator. On the other 
hand, an easiness of handling in cloning or screening is characterized 
by, for example, a convenience for insertion into a cloning vector, 
or a capability of rapidly expressing as certain amount of a protein. 

30 [0004] 

Some representative methods for synthesizing a cDNA library are 
widely used. Synthesis of the first strand cDNA with a reverse 
transcriptase using a repetitive part of adenines (A) called poly 
(A) commonly present at the 3' -side of mRNA is general. Various 

35 contrivances have been attempted in cloning methods after the fist 
strand synthesis. In general, while a double strand is produced by 
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synthesizing the second strand using the first strand as a template, 
a restriction enzyme site at a terminal of cDNA is added by a given 
means and a vector library is obtained by inserting the cDNA into 
an appropriate vector. Specifically, the first strand amplified by 
5 an oligo dT primer is double-stranded by the Gubler-Hof f man method 
or by random primers, the 5' -terminal is blunt-ended, and an adapter 
is ligated to the blunt-ended 5' -terminal. This is treated with a 
restriction enzyme and inserted into a cloning site in a vector to 
prepare a vector library. As a vector, a phage vector such as A,gtll, 

10 and a plasmid vector such as blue script (a product name) are used. 

In the above methods, however, there is a problem that 5' -side 
of mRNA is not always synthesized as a complete cDNA. For example, 
in the preparation of a double strand using random primers, a short 
sequence biased to 3' poly (A) -side of an original mRNA tends to be 

15 produced. In the Gubler-Hof f man method, a nick is introduced into 
a template mRNA hybridizing to the first strand cDNA t?y RNaseH and 
the second strand cDNA is synthesized using the nick as a replication 
origin . It is said that a relatively long strand cDNA is easy to obtain 
by this method. 

20 [0005] 

In addition, as a method for more efficiently obtaining a vector 
library containing full-length cDNAs , the Okayama-Berg method, in 
which a C tailing is added to the 5' -terminal using the terminal 
transferase for directly inserting to a vector (Okayama, H. and Berg, 

25 P., High-efficiency cloning of full-length cDNAs . , Mol . Cell Biol., 
1982 , 2, 161-170) , is known. An attempt to obtain a full-length cDNA 
by specifically introducing a synthesized oligonucleotide into the 
5' -side of mRNA and synthesizing a double strand cDNA using a primer 
complementary to this part (Maruyama, S. andSugano, S. , Oligo-capping : 

30 A simple method to replace the CAP structure of eukaryotic mRNAs with 
oligonucleotides., Gene, 1994, 138, 171-174; Merenkova, N. et al., 
Method for the specific coupling of the CAP of the extremity 5' of 
a fragment mRNA and preparation of complete cDNA. , PCT/FR96/00651 , 
1996) has been reported. By using these methods, a CAP structure 

35 present at the 5' -side terminal in mRNA is specifically replaced by 
an artificial oligonucleotide. A cDNA containing a sequence in the 
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5 ' -terminal region of mRNA can be theoretically obtained by using 
a sequence complementary to this oligonucleotide as a replication 
origin for the second strand cDNA synthesis . The number of full-length 
cDNAs contained in a primary library obtained by such methods is , 
5 however , small , and it was difficult to amplify a full-length cDNA 
library as a master library while maintaining the diversity as a cDNA 
library . 

[0006] 

A cDNA vector library can be obtained from mRNA by the above 
10 methods. In addition, in some cases, a cDNA has been immobilized. 
In the immobilized cDNA library method, an immobilized oligo dT primer 
method, in which an oligo dT primer immobilized on a solid phase is 
used (Mitsuhashi, M. , Gene manipulation on plastic plates. , Nature, 
1992, 357, 519-520), is known. Extraction of RNA required for the 
15 other methods is not necessary due to capturing mRNA in a sample by 
immobilized oligo dT primers. The first strand is synthesized using 
a captured mRNA as a template with a reverse transcriptase. As the 
oligo dT primer is immobilized, the first strand synthesized at this 
time is also immobilized. Specifically, a cDNA library obtained here 
20 is a library of an antisense strand cDNA immobilized in the 5' side. 
Separation from the secondary cDNA library synthesized by PCR is easy 
by using the obtained first strand as a primary library, and moreover, 
the first strand can be reused . Solid Phase cDNA Synthesis Kit (Takara , 
a product name) is a kit in which reagents necessary for the immobilized 

2 5 cDNA library method are packaged . 

[0007] 

In a library of an antisense strand (the first strand) cDNA 
immobilized at the 5 ' -terminal , however , the inclusion of numerous 
incomplete cDNAs is a problem. The first strand cDNA synthesized on 
30 a solid phase by the immobilized oligo dT primers is theoretically 
a product of the reverse transcription of a whole mRNA containing 
poly (A) . Many of actual mRNAs selected by the oligo dT , however, 
contain incomplete length in the 5 ' -side . In the ordinary conditions , 
a ratio of full-length mRNAs to the whole mRNAs is low. A ratio of 

3 5 full-length mRNAs varies depending on a kind and a condition of a 

sample from which an mRNA is derived, or the extraction conditions. 
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However, mRNAs with incomplete length are majority. Therefore, a 
majority of cDNAs constructing a cDNA library immobilized by 
immobilized oligo dT primers reflects incomplete sequences . Moreover , 
even if an mRNA is full-length, a ratio of full-length cDNAs is further 
5 low due to the fact that complete synthesis of cDNA to the 5' -terminal 
does not always occur, 
[0008] 

If all mRNAs can be captured, conditions in which a population 
of mRNAs is reflected can be fulfilled. In addition, by combining 
10 with the above methods for obtaining full-length cDNAs , providing 
an immobilized library rich in full-length cDNAs may be expected. 
In fact, however, a method for immobilizing the 5' -side of the first 
strand cDNA (corresponding to the 3' -side of mRNA) can not selectively 
immobilize full-length cDNAs , and thus, does not lead to increase 
15 of full-length cDNAs in a library of immobilized cDNAs . 
[0009] 

Moreover, in known immobilized oligo dT methods, a difficulty 
of obtaining the secondary cDNA library using the immobilized first 
strand cDNA as a master library is a problem. For example, in the 

20 case of synthesizing the second strand by random primers, a library 
in which a population is biased to short fragments tends to be obtained. 
Even in the condition of containing full-length cDNAs to some extent 
by the combination of the oligo CAP method, maintenance of excellent 
quality in the secondary library (i.e. a variety of full-length cDNAs) 

25 can not be expected as a ratio of full-length cDNAs to the immobilized 
cDNAs is low. 
[0010] 

A technology for synthesizing an RNA In vitro using a cDNA as 
a template by arranging a promoter sequence which enables in vitro 

30 RNA synthesis, for example, sequences of T7 promoter, T3 promoter, 
and SP6 promoter, upstream of the sense strand cDNA is known. By 
applying this technology to a library of immobilized cDNA, an mRNA 
library can be synthesized in vitro using RNA polymerase . In the case 
of immobilizing 5' -side of the fist strand cDNA, however, high 

35 efficiency of translation into proteins can not be expected due to 
the low ratio of cDNAs including a part corresponding to the 5' -side 
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of mRNA (a side containing a translation initiation point) previously 
described . 

[0011] 

[Problems to Be Solved by the Invention] 
5 An obj ective of the present invention is to provide an immobilized 

cDNA library comprising a novel structure. More specif ically , an 
objective of the present invention is to provide a cDNA in which the 
5' -terminal side of a sense strand cDNA is immobilized on the solid 
phase. Furthermore, by using the technique , to provide a cDNA library 
10 is another objective of the present invention. 
[0012] 

In addition, in a preferred embodiment of the present invention, 
an objective of the present invention is to provide a library of sense 
strand cDNA immobilized in the 5' -side of excellent quality, in which 

15 a ratio of full-length cDNAs is high and, which is useful as a primary 
library capable of more faithfully reflecting a population of cDNAs 
in the secondary library. Moreover, in another embodiment of the 
present invention, an objective is to provide a sense strand cDNA 
library which can add a given gene sequence, for example, of an RNA 

20 polymerase promoter, to upstream of the sense cDNA. 
[0013] 

[Means to Solve the Problems ] 

The present inventors supposed that the above objective could 
be achieved by adding an artificial nucleotide sequence to the 

25 3' -terminal of the first strand cDNA (an antisense strand) and using 
this nucleotide sequence. More specifically, the first strand cDNA 
can be captured by previously immobilizing the 5' -terminal side of 
a synthetic oligonucleotide containing a sequence complementary to 
this artificial nucleotide sequence in the 3' -terminal side on a solid 

30 phase, and hybridizing with this synthetic oligonucleotide . Any cDNA 
can be then synthesized on the solid phase in the immobilized form 
of 5' -terminal side of a sense strand by synthesizing the second strand 
(i.e. a sense strand) cDNA in the direction from 3' to 5' of the first 
strand by using the immobilized synthetic oligonucleotide as a primer 

35 and the captured first strand (an antisense strand) cDNA as a template 
(Figure 1) . 
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[0014] 

Moreover, the present inventors have found that various effects 
can be expected by immobilizing the 5' -side of a sense strand (i.e. 
the second strand). More specifically, for example, the present 
5 inventors have completed the present invention by finding that an 
ideal cDNA library theoretically composed of only full-length cDNAs 
can be provided by applying a method of synthesizing cDNA according 
to the present invention to the synthesis of a cDNA library. 
Alternatively, any nucleotide sequence can be arranged upstream of 

10 a sense strand in the immobilized cDNA library by adding a nucleotide 
sequence to 5' -side of a sense strand, thereby finding a novel use 
of a cDNA library. More specifically the present invention relates 
to the following cDNA libraries, methods for preparing the cDNA 
libraries, and use of the libraries. 

15 [0015] 

(1) A cDNA library in which sense strand cDNAs are immobilized 
at the 5'-side. 

(2) The cDNA library of (1) , wherein a common nucleotide sequence 
to cDNAs constituting the library is present at the 5' -terminal of 

20 the sense strand cDNAs . 

(3) The cDNA library of (2) , wherein the common nucleotide 
sequence is the sense sequence of a promoter specifically recognized 
by an RNA polymerase. 

(4) The cDNA library of (2) , wherein the common nucleotide 
2 5 sequence encodes an arbitrary amino acid sequence and wherein the 

nucleotide sequence constitutes the same reading frame as the cDNAs . 

(5) The cDNA library of (1) , wherein the sense strand cDNAs 
comprise a translation initiation codon. 

(6) The cDNA library of (5) , wherein the translation initiation 
30 codon is derived from an mRNA. 

[0016] 

(7) A method for synthesizing a cDNA, wherein a known nucleotide 
sequence is artificially added to the 3' -terminal of a first strand 
cDNA and wherein an oligonucleotide used as a primer for synthesizing 

35 a second strand binds to a solid phase at the 5' -side, the method 
comprising : 
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a) synthesizing the first strand cDNA using an mRNA as a template 
with a primer for synthesizing the first strand cDNA, and 

b) synthesizing a sense strand cDNA using, as a primer for 
synthesizing the second strand, an oligonucleotide comprising a 

5 sequence complementary to the 3 ' -side of the first strand cDNA produced 
in a) . 

(8) The method of (7) , wherein the known nucleotide sequence 
is added to the 3 '-terminal of the first strand cDNA by: 

a) binding an oligonucleotide comprising a known sequence to 
10 the 5' -terminal of an mRNA , and 

b) synthesizing the first strand cDNA using the mRNA of a) as 
a template with a primer for synthesizing the first strand. 

(9) The method of (8) , wherein the oligonucleotide is bound in 
a) above by a method in which a CAP structure present at the 5' -terminal 

15 of the mRNA is specifically recognized. 

(10) A sense strand cDNA immobilized at the 5' -side, the sense 
strand cDNA which can be obtained by the method of any one of (7) 
to (9) . 

(11) A method for synthesizing a cDNA library by the method of 
20 any one of (7) to (9) using an mRNA as a starting material. 

(12) A cDNA library in which sense strand cDNAs are immobilized 
at the 5' -side, the cDNA library which can be obtained by the method 
of (11) . 

(13) A cDNA library comprising full-length cDNAs , the cDNA 
25 library which can be obtained by the method of (9) using an mRNA as 

a starting material . 

(14) A secondary cDNA library which can be obtained by amplifying 
the cDNA library of (12) or (13) . 

(15) Amethod for obtaining an mRNA library , the method comprising 
30 synthesizing RNAs using the cDNA library of (3) as a template with 

a DNA-dependent RNA polymerase recognizing the promoter of (3) . 

(16) An mRNA library which can be obtained by the method of (15) . 
[0017] 

(17) A method for preparing a protein library, the method 
35 comprising translating the mRNA library of (16) into proteins with 

an expression system. 
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(18) A protein library which can be obtained by the method of 

(17) . 

(19) A method for subtracting cDNAs , the method comprising: 
a) synthesizing cDNAs used as testers, 

5 b) hybridizing the cDNAs using the sense strand cDNA library 

of any one of (1) , (12) , and (13) as a driver, and 

c) selecting cDNAs which have or have not hybridized in b) . 
[0018] 

By the present invention, a sense strand cDNA immobilized at 

10 the 5' -side is provided. The immobilized cDNA can be either single 
or double strand. In the case of a double strand, the strand may be 
double stranded in full length or in a part. Any strand can be used 
as long as it is capable of reconstructing a double strand by a reaction 
for synthesizing a complementary strand. 

15 In the present invention, a sense strand means a sequence 

maintaining genetic information . Specifically , a nucleotide sequence 
of an mRNA is a sense strand. In contrast, an antisense strand means 
a nucleotide sequence complementary to the sense strand. Therefore, 
the first strand cDNA synthesized by using mRNA as a template comprises 

20 an antisense sequence. A cDNA library of the present invention is 
a complex of DNAs synthesized by using, as a template, an mRNA whose 
sequence is unknown (i.e. cDNAs) . In the present invention , an unknown 
sequence simply means a sequence in which an individual RNA sequence 
is not specified. Thus, known and unknown sequences are mixed. On 

25 the other hand, cDNA solely described herein means a cDNA obtained 
by using a specific mRNA as a template. Moreover, the immobilization 
of 5' -side includes the immobilization not only at 5' -terminal but 
also close to 5' -terminal of a sense strand cDNA. 
[0019] 

30 In a preferred embodiment, a cDNA library is required to reflect 

an mRNA population as faithfully as possible, but it may comprise 
a bias depending on a purpose. Alternatively, a library in the 
intentionally biased condition may be occasionally required. 
[0020] 

35 In the present invention, a known nucleotide sequence 

artificially added to 3' -terminal of a first strand cDNA can be any 
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sequence as long as it is able to hybridize with an oligonucleotide 
comprising the complementary sequence. A sense strand cDNA is 
synthesized by priming from the above artificially added known 
nucleotide sequence part. At this time, the second strand cDNA 
5 synthesized is immobilized by immobilizing the 5' -terminal of a primer 
on a solid phase. As a method for immobilizing an oligonucleotide 
on a solid phase, some chemical methods are known. 

In a preferable embodiment of the present invention, as the above 
artificially added known nucleotide sequence, a functional gene 

10 sequence, for example, an antisense sequence of a promoter recognized 
by an RNA polymerase or an antisense sequence for a given protein, 
can be selected. When these sequences are used, a synthesized sense 
strand cDNA library finally comprises the structure which arranges 
a functional sequence upstream of the sense strand cDNA. Moreover, 

15 in the present invention , by immobilizing a sense strand at the 5 ' -side , 
a ratio of full-length cDNAs can be increased, and a cDNA library 
comprisinga target structure can be easily prepared even when a sequence 
arranged upstream of a sense strand cDNA is relatively long. As a 
result, in an RNA transcribed based on this cDNA library, a region 

20 comprising a translation initiation point at the 5' -side in mRNA used 
as a source is reconstructed with the high probability. An RNA 
comprising a translation initiation point can be translated into a 
protein. A cDNA library comprising this kind of structure is a novel, 
and thus some application technologies provided by this structure 

25 are also novel . Some characteristic structures obtainedby the present 
invention and an applied technology of a novel cDNA library achieved 
by this structure are more specifically described later. 
[0021] 

The present invention also provides a method for synthesizing 
3 0 the above sense strand cDNA immobilized at the 5' - side . In a preferred 
embodiment of a method for synthesizing cDNAs based on the present 
invention, a novel immobilized cDNA library comprising numerous 
full-length cDNAs can be provided. A method for synthesizing such 
an immobilized cDNA library of the present invention is illustrated 
35 in detail below. 

[0022] 
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[Mode for Carrying out the Invention] 

A cDNA of the present invention is immobilized at the 5' -terminal 
of the sense strand on a solid phase. A cDNA of such a structure can 
be obtained by artificially adding a known nucleotide sequence to 
5 the 3' -terminal of a first strand cDNA, while by immobilizing a primer 
comprising a sequence complementary to the above artificially added 
known nucleotide sequence when synthesizing the second strand (i.e. 
a sense strand) using the first strand cDNA as template by using the 
above primer. Immobilization of a primer can be achieved by, for 

10 example, previously immobilizing it on an appropriate solid phase. 
As a carrier for immobilization, for example, a microtiter plate, 
a plastic tube, or micro beads can be used depending on the use. A 
carrier in a microparticle form is an especially desirable material 
because merits, for example, a broad reaction area and a capability 

15 of separation with a magnet in the case that the carrier is a magnetic 
one, can be expected. As a method for immobilizing an oligonucleotide 
on a solid phase, for example, a method in which 5' -terminal of an 
oligonucleotide is covalently bound to a plate using a cross linker 
(US. Patent No. 5,656,462) is known. Alternatively, by introducing 

20 a molecule comprising a binding affinity, for example, biotin, to 
a base at or close to the 5' -terminal, immobilization not only at 
the terminal part, but also close to the 5' -terminal is possible by 
binding it to a solid-phased avidin . Amolecule with a binding affinity 
can be introduced into any site as long as it is capable of functioning 

25 as a primer. 

[0023] 

In the present invention , a cDNA library can be obtained by using 
the unspecified number of mRNAs (i.e. an mRNA library) as mRNAs for 
a starting material of cDNA. An mRNA library can be obtained by a 

30 knownmethod using , for example, cultured cells or tissues as amaterial . 
More specifically , for example , guanidine thiocy ana te- cesium chloride 
method (Molecular Cloning 2nd Ed., pi. 10, 1989), guanidine 
thiocyanate-cesium trif luoroacetate method (H. Okayamaetal. , Methods 
in Enzymology., 1987, 154, 3) are known. A kit in which reagents 

35 necessary for these methods are packaged (RNA Extraction Kit; 
manufactured by Pharmacia, a product name) is provided in the market. 
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A cDNA of the present invention can be obtained by using not only 
an eukaryotic mRNA, but also a prokaryotic mRNA and genome of an RNA 
virus as a template. These RNAs , different from eukaryotes , do not 
comprise a poly (A) structure. Therefore, random primers and such 
5 are necessary to use for synthesizing a first strand. 

On the other hand, in the present invention, as a method for 
artificially adding a known nucleotide sequence to the 3' -terminal 
of a first strand cDNA, for example , a method in which a known nucleotide 
sequence is directly and artificially added to the 3' -terminal of 
10 the first strand cDNA after the synthesis of the first strand cDNA, 
or a method in which a sequence complementary to the above known 
nucleotide sequence has been previously added to the 5 '-terminal of 
an mRNA and a fist strand cDNA comprising the known nucleotide sequence 
at the 3-terminal is synthesized by using the above mRNA as a template , 
15 can be used. Each method which can be used for synthesizing a sense 
strand cDNA of the present invention is illustrated below . Description 
is made in the following order, corresponding to a step for synthesis. 

1: The artificial addition of a nucleotide sequence to the 
3' -terminal of a first strand cDNA 
20 2: Variations for introducing the nucleotide sequence 

specifically to a full-length mRNA 

3: Synthesis of a first strand cDNA (an antisense strand) 

4: Synthesis of a second strand cDNA (a sense strand) 

[0024] 

25 [A method for artificially adding a known nucleotide sequence to the 
3' -terminal of a first strand cDNA] 

As a method for artificially adding an known nucleotide sequence 
to the 3' -terminal of a first strand cDNA, for example, the known 
nucleotide sequence can be directly added to the 3' -terminal of the 

30 first strand cDNA after the synthesis of the first strand cDNA (Figure 
2) . First, an oligonucleotide comprising a given sequence (an 
nucleotide sequence to be added) which comprises a phosphate group 
at the 5' -terminal and is structurally blocked not to cause ligation 
at the 3' -terminal is synthesized. A method for chemically 

3 5 synthesizing an oligonucleotide comprising a given nucleotide sequence 
is known. On the other hand, a first strand cDNA is synthesized using, 
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as a primer, an oligo dT primer or an oligo dT adapter in which the 
5' -terminal is not phosphorylated . Specific ligation occurs between 
a phosphate group at the 5' -terminal of the synthetic oligonucleotide 
and a hydroxyl group at the 3' -terminal of the first strand cDNA in 
5 the ligation reaction, and the above synthetic oligonucleotide is 
bound to the 3 7 -terminal of the first strand cDNA. As the above 
synthetic oligonucleotide sequence is known, a known nucleotide 
sequence is finally added to the 3' -terminal of the first strand cDNA . 
[0025] 

10 For blocking the 3' -terminal of the above synthetic 

oligonucleotide, for example, residues at the 3 '-terminal can be 
dideoxynucleotides . Alternatively, a hydroxyl group at the 
3' -terminal can be modified into, for example, an amide group. 

Against the method for modifying the first strand cDNA after 

15 the synthesis, a method for modifying an mRNA as a template can be 
adopted. More specifically, a sequence complementary to a known 
nucleotide sequence to be artificially added has been previously added 
to the 5 '-terminal of an mRNA. Using this mRNA as a template, the 
first strand cDNA is synthesized, resulting in the addition of a 

20 complementary sequence to the sequence added to 5' -terminal of the 
mRNA (i.e. the known nucleotide sequence) to the 3' -terminal (Figure 
3) . To artificially add a known nucleotide sequence to the 5' -terminal 
of an mRNA, for example, a method in which a synthetic oligonucleotide 
is added to the 5' -phosphate group terminal of an mRNA molecule using 

25 an RNA ligase can be used . As a synthetic oligonucleotide , for example, 
a synthetic oligo RNA, a synthetic oligo DNA- RNA hybrid , and a synthetic 
oligo DNA, can be used. If an RNA is necessary to decompose and remove 
prior to the second strand synthesis, making a synthetic 
oligonucleotide RNA so as to be removed together is advantageous. 

30 When the 5' -terminal of an mRNA is a hydroxyl group, a synthetic 
oligonucleotide can be more efficiently added by converting the 
hydroxyl group to a phosphate group. Phosphorylation can be achieved 
by, for example, the treatment with a T4 nucleotide kinase. 
[0026] 

35 [A method for artificially adding a known nucleotide sequence 
selectively to the 5' -terminal of a full-length cDNA (a first strand) ] 



15 

In some variations showed first as specific examples, an 
artificial nucleotide sequence is added to all mRNAs in any cases. 
Against these, a method in which an artificial nucleotide sequence 
can be added only to a full-length mRNA can be adopted. When a source 
5 of mRNAs is an eukaryote, a specific structure called the CAP structure 
is present at the 5 '-terminal of a complete mRNA. It is known that 
by selectively adding a synthetic oligonucleotide against this CAP 
structure, a cDNA library comprising a translation initiation codon 
at the high frequency can be finally prepared. By applying this 

10 principle to the present invention, a cDNA library containing 
full-length cDNAs at the higher ratio can be prepared. More 
specifically, an oligonucleotide comprising a sequence complementary 
against the above known nucleotide sequence is artificially added 
specifically to the CAP structure part (Figure 4) . 

15 [0027] 

As a method for selectively adding an oligonucleotide against 
the CAP structure, an oligo-CAP method, in which an mRNA treated with 
alkaline phosphatase is treated with tobacco acidic phosphatase, then 
a synthetic oligonucleotide is added thereto using an RNA ligase 

20 (Maruyama, S. and Sugano S. , Oligo-capping : A simple method to replace 
the CAP structure of eukaryotic mRNAs with oligonucleotides. , Gene, 
1994, 138, 171-174) , is known. In addition, the modified oligo-CAP 
method, in which a synthetic DNA-RNA hybrid is used in stead of a 
synthetic RNA (Kato, S. et al . , Gene, 1994, 150, 243-250 ; Kato and 

25 Sekine, Unexamined Published Japanese Patent Application (JP-A) No. 
Hei 6-153953, June 3, 1994) , the linker chemical binding method, in 
which a diol characteristic in the CAP structure is oxidatively cleaved 
to convert into an aldehyde group , and chemically bound to the synthetic 
oligonucleotide to which an amide group has been added at the 3 ' -terminal 

30 (Merenkova, N. and Edwards, D. M . , WO 96/34981, Nov. 7, 1996), and 
so on are known. By using these methods, the CAP structures present 
at the 5' -side terminal of an mRNA can be specifically replaced by 
an artificial oligonucleotide . Using the mRNA obtained in this manner 
as a template, only the full-length first strand cDNA comprise a known 

35 nucleotide sequence artificially added to the 3' -side among the first 
strand cDNAs synthesized by a primer for synthesizing the first strand . 
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[0028] 

[A first strand cDNA (an antisense strand) ] 

Synthesis of a first strand cDNA in the present invention can 
be achieved by known methods . Depending on embodiments of methods 
5 for adding an artificial nucleotide sequence to the 5 ' - side , the timing 
differs as previously described. Specifically, the difference is the 
addition of an artificial nucleotide sequence, at the stage of an 
mRNA prior to the first strand synthesis or after the synthesis of 
the first strand cDNA as usual. A method for synthesizing the first 
10 strand, applicable to the present invention, is specifically 
illustrated. A variation of the first strand synthesis depends on 
the selection of a primer. For synthesizing all mRNAs derived from 
eukaryotic cells as the first strands, an oligo dT primer is used. 
In the case of using an RNA of a prokaryotic organism or a virus without 
15 poly (A) structure, the use of, for example, a random primer , should 
be considered. 
[0029] 

A general cDNA library is required to reflect a population of 
mRNAs, or faithfully collect expressed genes . Occasionally, however, 

2 0 manipulation for positively focusing a target gene may be intentionally 
added. For example, a case in which a library of genes specifically 
expressed in a specific cellular population is prepared by subtraction 
is proposed. In another case, for example, for isolating genes in 
which only a sequence at the 3' -side has been determined, a library 

25 composed of only candidate genes similar in the structure of the 3' -side 
can be prepared by synthesizing the first strand using a sequence 
of this determined part as a primer . Alternatively , in a gene encoding 
a variable region of an immunoglobulin, a library of genes in a variable 
region can be obtained by synthesizing the first strand based on the 

30 relatively highly conserved structure at the 3' -side. These primers 
for synthesizing the first strand are not necessarily completely 
complementary to the nucleotide sequence of a target mRNA. Synthesis 
of a complementary strand can be initiated as long as the primer can 
anneal to the complementary strand under the given stringency and 

35 at least the 3' -terminal is completely complementary. 

The above primers for synthesizing the first strand can be 
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chemically synthesized. The first strand is synthesized by using an 
mRNA as a template, by annealing the obtained primer with the mRNA 
and by reacting reverse transcriptase under the presence of dNTP . 
The obtained first strand can be used as a template for synthesizing 
5 the second strand by various methods by following the variations of 
methods for artificially adding the above nucleotide sequence. 
[0030] 

Synthesis of a second strand cDNA 

In the present invention, a second strand can be synthesized 

10 using a sequence complementary (a sense sequence) to a known nucleotide 
sequence artificially added to a first strand cDNA as a primer. The 
5' -terminal of the second strand cDNA (a sense strand) is immobilized 
if a primer for synthesizing the second strand is immobilized at the 
5' -side at this time. 

15 [0031] 

In an embodiment of artificially adding a sequence specifically 
to full-length cDNA as described above, a known nucleotide sequence 
part artificially added to the 3 '-side in the full-length cDNA is 
specifically annealed, and as a result, the full-length cDNA is 

20 specifically immobilized in theory. In the present invention, the 
synthesized second strand (a sense strand cDNA) is rarely free because 
it is immobilized on a solid phase, and even if loosing a complementary 
strand, a double strand is easily reconstructed using an oligo dT 
primer. A library of second strands (a sense strand) obtained in this 

25 manner can be used as a library of full-length double strand cDNA 
comprising a translation initiation codon at the high frequency . Based 
on such a method, a cDNA library theoretically composed of sole 
full-length cDNAs can be constructed. In fact, however, the 
possibility of existence of incomplete length cDNAs to some extent 

30 can not be denied. Specifically, a full-length cDNA library in the 
present invention is not necessarily composed of sole full-length 
cDNAs , but comprises a library with full-length cDNAs at the high 
ratio. To quantitatively understand the ratio of full-length cDNA 
to a cDNA library, for example, a program for estimating a probability 

35 of comprising a translation initiation codon by analyzing a nucleotide 
sequence of cDNA can be used. As this kind of programs, Gene Finder 
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(Solovyev V. V., Salamov A. A., Lawrence C. B., Predicting internal 
exons by oligonucleotide composition and discriminant analysis of 
spliceable open reading frames . , 19 94 , Nucleic Acids Res. , 22 , 5156-63) 
is known . Alternatively , Japanese Patent Application No . Hei 9-289982 
5 by the present inventors has disclosed the method which can more 
precisely predict a translation initiation codon . 
[0032] 

In general , a part of total mRNAs is estimated to give full-length 
cDNAs even under the ideal conditions. Presence of incomplete length 
10 cDNAs is not always disadvantageous. However, for example, a nucleic 
acid synthetic reaction such as PCR tends to preferentially synthesize 
short sequences. The synthesized short sequence may prevent, for 
example, isolation of full-length cDNAs , thus the maintenance of the 
low ratio of cDNA with incomplete length is necessary for a cDNA library 
15 of excellent quality. 
[0033] 

In the above manner, a cDNA of the present invention can be 
synthesized. By known immobilized oligo dT methods, an immobilized 
library in which the 5' -side of the first strand (an antisense strand) 

20 is immobilized can be prepared. A cDNA library immobilized in this 
manner is, however, different from a cDNA library of the present 
invention, and comprises numerous incomplete-length cDNAs . In the 
following, an artificial nucleotide sequence to be added to the 5' -side 
of the sense strand is described. 

25 [0034] 

[Variations of known nucleotide sequences to be artificially added] 
As a sequence which is artificially added to upstream of the 
5' -terminal of the sense strand cDNA to be immobilized in the present 
invention, any nucleotide sequence can be adopted. In a basic 

30 embodiment , any nucleotide sequences capable of annealing with a primer 
for synthesizing a second strand (a sense strand) canbeused. Moreover, 
when this nucleotide sequence is a functional sequence, not only the 
nucleotide sequence anneals with a primer, but also a cDNA library 
of the present invention can be applied in various forms based on 

3 5 the function . Following is variations for artificial known nucleotide 
sequences and the application thereof. 
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[0035] 

For artificially adding a nucleotide sequence, several 
embodiments of a method for addition can be illustrated. For example, 
a sequence can be provided as a sequence added at the 3' -terminal 
5 of the antisense strand. A sequence which anneals to this sequence 
and which becomes a primer for synthesizing the sense strand is a 
sequence to be artificially added to upstream of the 5' terminal in 
the sense sequence. A region which extends toward the upstream can 
be added to this primer. This region extends toward more upstream 

10 than the region annealed to the first strand. Thus, the region does 
not anneal with the first strand but constructs the 5' -side of the 
second strand. In this case, the 3' -terminal part of an antisense 
strand anneals to a part of primer . However , the 3 ' -side of the primer 
still anneals to the antisense strand, and thus the synthesis of a 

15 complementary strand progresses. This sequence projected toward 
upstream can be kept as a single strand. Alternatively, when a 
functional nucleotide sequence can not function without forming a 
double strand (for example, like a promoter sequence in Figure 6) , 
a nucleotide sequence complementary to a functional sequence to be 

20 added is synthesized to complete a double strand by further progressing 
the synthesis of complementary strand in the first strand (an antisense 
strand) side (described below) . In these embodiments, even a long 
nucleotide sequence can be easily added . A specific region , f or example , 
a region for annealing to the first strand or a region extending toward 

25 upstream described here is only for the explanation. Therefore in 
fact, a part of a functional nucleotide sequence also functions as 
a region for annealing to the first strand, and a rest part is located 
upstream thereof. 
[0036] 

30 The first variation useful as a known nucleotide sequence to 

be artificially added is a promoter specifically recognized by an 
RNA polymerase (Figure 5) . A cDNA library encoding fusion proteins 
by arranging a sense strand which encodes a given protein can be 
constructed. First, a combination with a promoter will be described. 

35 [0037] 

When a promoter specifically recognized by an RNA polymerase 
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is used as an artificially added known nucleotide sequence in the 
present invention, the promoter can be arranged upstream of the sense 
strand cDNA. If this promoter is a promoter sequence specifically 
recognized by an RNA polymerase capable of synthesizing an RNA In 
5 vitro, an RNA is transcribed using a cDNA as a template by the RNA 
polymerase. Examples of a promoter enabling such an application are 
a T7 promoter sequence (Pribnow, D., Proc. Natl. Acad. Sci. USA., 
1975, 72/3, 784-788), a T3 promoter sequence (Adhya , S., Proc. Natl. 
Acad. Sci. USA., 1981, 78/1, 147-151,), and an SP6 promoter sequence 

10 (Brown, J. E., Nucleic Acids Res., 1986, 14/8, 3521-3526). These 
promoters do not always require a whole sequence, and only a domain 
necessary for maintaining a promoter activity can be used. Essential 
sequences (sense strands) of each promoter are as follows. This 
nucleotide sequence is a sense strand sequence. Thus, to add to the 

15 3 ' -terminal of the first strand cDNA (an antisense strand) , anantisense 
sequence against the following sequence is used. 
[0038] 

T7 : TAATACGACTCACTATAGGG 
T3 : AATTAACCCTCACTAAAGGG 
20 SP6: ATTTAGGTGACACTATAG 
[0039] 

In order to transcribe an RNA based on the present invention 
In vitro, the following manipulation is conducted. More specifically, 
to the cDNA in which a promoter is arranged upstream by the present 

25 invention, a ribonucleotide (rNTP) necessary for the synthesis of 
an RNA is added and RNA polymerase which recognizes the used promoter 
is reacted . Contamination of the ribonuclease to the reaction solution 
should be avoided, and more preferably, a ribonuclease inhibitor is 
added. By reaction for 30 min to several hours, RNAs of |Llg order can 

30 be transcribed. A cDNA used as a template can be easily separated 
by separating a solid phase after the termination of the transcription . 
The fact that an isolated cDNA can be easily reused after washing 
is one of the major characteristics of the present invention. On the 
other hand, the transcribed RNAs are separated from enzymes and 

35 non-reacted substrate rNTPs and collected by extraction with 
phenol-chloroform and precipitation with ethanol . If cDNAs used as 
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a template are a library, mRNAs can be obtained as a library. 
[0040] 

At this time, a cDNA library of the present invention can be 
directly used as a template, and the secondary cDNA library can be 
5 also used as a template. More specifically, the secondary library 
PCR-amplif ied using a cDNA library of the present invention as the 
primary library is used as a template . A primary library means a library 
which functions as a template for synthesizing a secondary library. 
While a primary library relatively faithfully reflects an original 

10 population of mRNAs, cDNAs per one kind of mRNA are possibly little. 
Thus, the number of templates for synthesizing RNA is small. Because 
an ability of transcription in an RNA polymerase is limited, larger 
amount of transcription products can be expected by increasing the 
templates. To obtain a secondary library, against a cDNA library of 

15 the present invention, PCR is conducted with an oligo dT primer and 
a primer comprising a sequence complementary to a known nucleotide 
sequence artificially added to the first strand. By immobilizing any 
of the primers, a secondary library can be obtained in the immobilized 
condition. A cDNA library which can be obtained by immobilizing the 

20 sense strand at the 5' -side according to the present invention contains 
full-length cDNAs at a high ratio at the stage of a template. Thus, 
the library is useful for using as a primary library for highly 
reproducibly obtaining a secondary library in the condition of 
maintaining a certain diversity as a library . In the present invention , 

25 a primary library capable of providing a secondary library in the 
condition of maintaining such a ratio of full-length cDNAs is 
specifically called a master library. 
[0041] 

In the present invention, because a promoter can be arranged 
30 upstream of a sense strand cDNA, an RNA to be transcribed is a sense 
strand RNA (i.e. a sequence same as mRNA) . Thus, a protein can be 
directly expressed by applying an appropriate expression system as 
long as the RNA transcribed in this manner contains a translation 
initiation point . An expression system in the present invention means 
35 a system capable of translating the above RNA into a protein. The 
system can be in vitro or in vivo system. In cDNAs based on the present 



invention, two main kinds of translation initiation points may be 
present. One is derived from an mRNA which was used as a template, 
and the other is a translation initiation point provided by an 
artificially added nucleotide sequence. If a translation initiation 
point is derived from an mRNA, the cDNA is highly possible to be 
full-length cDNA. In contrast, the case of a translation initiation 
point provided by the artificially added nucleotide sequence is 
described in detail below as an embodiment in which a cDNA of the 
present invention is expressed as a fusion protein. In either case, 
a protein can be translated based on an RNA transcribed from a cDNA 
in the case of containing a translation initiation point. If cDNAs 
are a library, proteins obtained based on the library construct a 
library. The present invention also provides a protein library 
obtained in this manner. 
[0042] 

Proteins obtained based on a cDNA library become a protein library 
reflecting the condition of the cDNA library. As an expression system 
capable of translating RNAs transcribed in vitro into proteins, kits 
for expression using a rabbit reticulocyte lysate or a wheat embryo 
extract are available in the market and can be used. By using these 
cell-free expression systems , proteins can be obtained in a very small 
amount but in the soluble form and even in the condition similar to 
the natural structures. The obtained protein library can be used as 
a source for screening drug targets , or analytic materials for examining 
the cellular condition by changes of expressed proteins. 
[0043] 

A library of sense strand RNA transcribed from a cDNA library 
of the present invention can be expressed directly in cells . A 
biological activity in a protein encoded by a sense strand RNA in 
cells can be expressed by introducing the sense strand RNA into the 
cells (Henle, K. J. et al . , Expression of thermotolerance following 
microinj ection of poly (A) RNA isolated from thermotolerant CHO cells . , 
Int. J. Hyperthermia., 1990, 6 (6), 1041-1051). As a means for 
introducing an RNA into cells, a microinjection method is generally 
appropriate, but any methods capable of introducing a nucleic acid 
molecule into cells, for example, a lipof ection and a particle gun, 
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can be used. A protein encoded by an introduced gene is produced by 
a protein synthesis system in cells using a sense strand RNA introduced 
into cells as a template , and biological activity thereof is expressed . 

For example, when an experimental system for examining effects 
5 of a physiological condition on cells using cells on the transient 
stage in development , limited diseased tissues , and so on as a material , 
an assay system for screening, for example drugs reacting in such 
a physiological condition, and such are attempted to construct, the 
amount of the materials is limited. Thus, preparation with high 

10 reproducibility and in a large amount is extremely difficult. In such 
a case, a cDNA library synthesized from cells or tissues in the 
corresponding physiological condition based on the present invention 
is useful. More specifically, by introducing an RNA library obtained 
using this library as a master library into an appropriate cell system, 

15 a model system virtually reproducing the status of target cells can 
be constructed. By using a cDNA library of the present invention, 
a necessary assay system can be provided easily and highly reproducibly . 
[0044] 

In the following, an embodiment in which a gene encoding another 

20 protein is arranged as a nucleotide sequence to be artificially added 
is described . In thepresent invention , a gene encoding another protein 
can be arranged as the above known nucleotide sequence to be artificially 
added. Especially in an embodiment to arrange the above promoter 
sequence, when a gene encoding another protein is linked to upstream 

25 of a cDNA, a protein (unknown) encoded by the cDNA is expressed as 
a fusion protein with a combined protein . As a protein to be combined, 
for example , a protein comprising a specific binding activity , a protein 
providing a detectable signal, or a protein comprising a biological 
activity can be used. 

3 0 As a protein comprising a specific binding activity , for example , 

a protein having a known binding activity such as protein A, histidine 
tag, or HA tag can be used. A protein library of the present invention 
fused with these proteins can be captured on a solid phase using 
corresponding ligands. The captured libraries can be used for 

35 screening ligands and receptors, or signal transduction systems. 
[0045] 
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As a protein providing a detectable signal, for example, a 
fluorescent protein, such as green fluorescent protein (GFP) , or an 
enzyme protein, such as (3 galactosidase or peroxidase, can be used. 
A protein library of the present invention fused with these proteins 
5 also can be used for screening ligands and receptors, or signal 
transduction systems by performing a binding reaction with a candidate 
compound . 

[0046] 

When a gene encoding these proteins is arranged between the above 

10 promoters and cDNA, a cDNA library can be also obtained by the same 
methods described above. A relatively long nucleotide sequence is 
occasionally added to mRNAs . If a sequence to be added is long, for 
example, a sequence added to an mRNA must be a long sequence encoding 
another protein. However, an immobilized probe capturing this may 

15 be only a part corresponding to a promoter. Alternatively, a method 
in which only the 3' -side of a long sequence to be added is added, 
and the rest part is supplemented at the synthesis of the second strand 
(sense strand) (Figure 6) can be adopted. In this figure, only a part 
of a sequence to be added is provided in the first strand. The rest 

2 0 part is supplemented as a part of an immobilized primer for synthesizing 
the second strand. At the synthesis of the second strand (a sense 
strand) in this embodiment, a reaction which extends toward the 
3' -direction using the primers in which an antisense strand is 
immobilized as a template progresses, simultaneously with the 

25 progression of the synthetic reaction of the second strand (a sense 
strand) . 

[0047] 

A sequence of a gene encoding a protein requires an open reading 
frame which contains a codon capable of initiating a translation and 

30 which does not contain a stop codon to form a fusion protein with 
a gene linked to the 3 '-terminal in the same frame. In addition, to 
be immobilized as a fusion protein gene capable of expressing, the 
5' -terminal of the sense strand cDNA is preferably present in the 
region encoding the protein. Thus, an incomplete length RNA source 

35 is rather suitable as an mRNA source. If the 5' -terminal of a linked 
sense strand cDNA is present within the region encoding a protein, 



a fusion protein gene in frame is formed at the probability of one 
third. 

[0048] 

By using this principle, an incomplete-length cDNA (not 
comprising a translation initiation point) can be collected in the 
form capable of expressing. More specifically, as a known nucleotide 
sequence to be artificially added , one containing at least a translation 
initiation point is prepared. An incomplete-length cDNA is linked 
thereto. In other wards, only a translation initiation point is 
artificially provided. An RNA which transcribed the cDNA obtained 
in this manner encodes am amino acid sequence in frame at the probability 
of one third same as the case of encoding the above fusion protein. 
[0049] 

As a sense strand is immobilized in the cDNA library of the present 
invention, a cDNA subtraction method is possible using the sense strand 
as a driver. By hybridizing, as a tester, the first strand cDNA 
synthesized by a given method with a cDNA library of the present 
invention, cDNAs comprising sequences which are included only in the 
first strand cDNAs can not hybridize and remain in a liquid phase. 
By separating this from a solid phase, a subtraction can be easily 
conducted . By using a cDNA library of the present invention as a control , 
a subtraction for various subjects can be achieved repetitively, and 
highly reproducible studies can be conducted. More specifically, for 
example, a cDNA library derived from normal cells is solid-phased 
based on the present invention . Using this cDNA library , drug candidate 
compounds can be screened by subtracting cDNAs of cells treated with 
drug candidate compounds. Alternatively, by subtracting cDNAs of 
abnormal cells such as oncocytes, genes specific to abnormal cells 
can be screened. Moreover, by immobilizing a cDNA library derived 
from hepatocytes , and subtracting cDNAs derives from other organs, 
organ-specific genes can be selected. In any cases, a working 
efficiency which has never achieved for known subtraction methods 
can be achieved as a cDNA library of the present invention enables 
subtraction of the first strand cDNA due to the immobilized sense 
strand. In addition, in a preferable embodiment, a more reliable 
subtraction can be expected due to the high maintenance of diverse 
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full-length cDNAs . Moreover, repeated uses are advantageously 
possible due to the immobilization. 
[0050] 

Genes can be cloned using a cDNA library of the present invention 
5 as a source. For example, an rnRNA library synthesized in vitro based 
on a cDNA library of the present invention can be screened by a standard 
gene cloning method. When a library for performing such a screening 
method is commercially provided, the following embodiments can be 
proposed . 
10 [0051] 

An rnRNA library synthesized based on a cDNA library of the present 
invention 

A cDNA library synthesized from the rnRNA 

A DNA library synthesized based on a cDNA library of the present 
15 invention 

Alternatively, when a structure of a gene to be obtained has 
been already known , a target gene can be obtained by directly amplifying 
by PCR from a cDNA library of the present invention, or by conducting 
RT-PCR using, as a template, mRNAs synthesized from the cDNA library 
20 of the present invention. 
[0052] 

In any case, as repeatedly described, such various embodiments 
are possible because the primary library with diverse full-length 
cDNAs can be produced due to an efficient immobilization of full-length 

2 5 cDNAs in the cDNA library of the present invention. In known methods, 
an immobilized cDNA library with highly diverse full-length cDNAs 
is difficult to produce. Thus, the diversity of full-length cDNAs 
is extremely lowered after the synthesis of the secondary or tertiary 
library by using the cDNA library as a master library, and a quality 

30 required as genetic resources can not be maintained. In contrast, 
in the present invention, a library of cDNAs (or mRNAs) equivalent 
to full-length mRNAs derived from samples can be theoretically 
synthesized infinitely. In other words, a cDNA library of the present 
invention has characteristics desirable as a master library for 

35 cloning. 

[0053] 
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In the following , specific manipulations for constructing a cDNA 
library in which the 5' -side of the a sense strand is immobilized 
based on the present invention and for preparing the secondary library 
or an mRNA library using this cDNA library as a primary library are 
5 illustrated. In this example, as a method for adding an artificial 
sequence to the 5' -side of an mRNA, the oligo-CAP method is applied, 
but the present invention is not limited to this example. Basic 
manipulations of the oligo-CAP method follow the method described 
in Suzuki, J. and Sugano , S., "cDNA cloning," Yodosha, 1996, 46-51. 
10 [0054] 

To 5 |Jg- (84 |LIL) of poly (A) + RNA extracted from a cellular sample , 
the following reagents are added and incubated at 37°C for 30 min . 
The reaction solution was treated with phenol-chloroform twice and 
RNAs are collected by ethanol precipitation. 



15 10 x BAP buffer (Takara Shuzo) 10 

Alkaline phosphatase 3 M-L 

(derived from bacteria, Takara Shuzo) 
Ribonuclease inhibitor 3 |LIL 



The collected precipitate is dissolved in 75 |LIL of distilled 
20 water and the following reagents are added thereto and incubated at 
37°C for 30 min. The reaction solution is treated with 

phenol-chloroform and RNAs are collected by ethanol precipitation. 
5 x TAP buffer 20 JXL 

Tobacco acidic pyrophosphatase 3 |1L 

25 (Shinshi, H. et al . , Biochem., 1976, 15, 2185) 

Ribonuclease inhibitor 2 |IL 

(Takara Shuzo) 

* 5 x TAP buffer: 
250 mM sodium acetate (pH 5.5) 
30 5 mM EDTA (pH 8 . 0) 

50 mM 2-mercaptoethanol 

[0055] 

The collected precipitate is dissolved in 6.4 |IL of distilled 
water and the following reagents are added thereto and incubated at 
35 16°C for 3 hours. The reaction solution is treated with 
phenol-chloroform and RNAs are collected by ethanol precipitation. 
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An oligo RNA to be added here is an oligonucleotide comprising a 
nucleotide sequence to be artificially added. This nucleotide 
sequence is used as a synthetic oligo RNA, for example, comprising 
a Sfil cleavage sequence close to the 5' -terminal and a strand length 
5 capable of annealing with a complementary strand under stringent 
conditions as a whole. 

10 x RNA Ligation Buffer (Takara Shuzo) 10 



2 5 mM MgCl 2 2 0 JXL 

24 mM ATP 2 . 1 JIL 

10 Oligo RNA (100 ng/JiL) 4 JIL 

50% polyethylene glycol 8000 50 JAL 

T4 RNA ligase (Takara Shuzo) 5 |LIL 

Ribonuclease inhibitor (Takara Shuzo) 2.5 flL 
[0056] 



15 The collected precipitate is dissolved in 50 HL of TE buffer, 

and non-reacted oligo-RNA is removed by a spun column (Pharmacia Size 
Sep 400) . The obtained RNA fraction is collected by ethanol 
precipitation. By the above manipulations, an artificial sequence 
is added specifically to the 5' -side of a full length mRNA. Then, 
20 the first strand cDNA is synthesized using the mRNA in which this 
artificial sequence has been added as a template. The collected RNA 
is dissolved in 21 |I1 of distilled water, and the following reagents 
are added thereto and incubated at 16°C for 1 hour and then at 42 °C 
for 1 hour. The oligo dT adapter to be used at this time comprises 
25 a Sfil recognition sequence at the 5' -terminal. 

5 x First Strand Buffer (Gibco BRL) 10 |1L 

0 . 1 M DTT 6 M-L 

Mixture of 5 mM dATP , dTTP , dCTP , and dGTP 8 HL 

Oligo dT adapter (5 pmol/|LlL) 2 |HL 

30 Superscript II (Gibco BRL) 2 (XL 

Ribonuclease inhibitor (Takara Shuzo) 1 |1L 

[0057] 

To the reaction solution, 50 |LIL of distilled water is further 
added. The solution is treated with phenol-chloroform, and 2 \IL of 
35 0 . 5 M EDTA and 15 JIL of 0 . 1 N NaOH are added thereto and further incubated 
at 65°C for 1 hour. After the reaction, 20 |IL of 1 M Tris-HCl (pH 
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7.8) is added to the reaction solution and the first strand cDNA is 
purified by a spun column (Pharmacia Size Sep 400 ) . cDNAs are collected 
by the ethanol precipitation and dissolved in 80 |IL of distilled water . 
The first strand cDNAs collected here have the nucleotide sequence 
5 complementary to a nucleotide sequence artificially added to mRNA 
at the 3 -side . Using the first strand cDNA as a template , an immobilized 
cDNA library of the present invention is synthesized. 

The first strand cDNA (80|XL) is trans f erred to a tube (GenePlates, 
AGCT Inc.) in which an oligo DNA complementary to a sequence added 
10 to the 3 '-terminal of the first strand cDNA has been immobilized. 
The first strand cDNA is incubated at 65°C for 10 min, and then at 
12°C for 30 min for annealing with the immobilized oligo DNAs and the 
following reagents are added thereto and incubated at 30°C for 30 min. 



After the reaction , the supernatant is removed , the tube is washed 
with distilled water, and 50 ^IL of TE buffer is added thereto. On 
the inner wall of the tube, the second strand cDNA (sense strand cDNA) 
20 is bound with its 5' -side immobilized to construct an immobilized 
cDNA library of the present invention . Then the synthetic manipulation 
of the secondary cDNA library in which this cDNA library is a primary 
library is described. 



following regents are added and DNAs are amplified at 95°C for 5 min; 
"at 95°C for 1 min, at 58°C for 1 min, and 72°C for 10 min" for 15 
cycles; and at 72°C for 10 min, and cooled to 4°C . As a 5' -primer, 
a sequence same as an oligo-DNA immobilized in the tube, and as a 
30 3' -primer, an oligo dT primer may be used. 



15 



5 x T4 polymerase Buffer (Takara Shuzo) 10 |LIL 
5 mM dATP, dTTP , dCTP , dGTP mixture 8 HL 

T4 DNA polymerase (Takara Shuzo) 2 JiX, 
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[0058] 

To an immobilized cDNA library of the present invention, the 



Distilled water 



52.4 |LIL 



3.3 x PCR Buffer (Perkin-Elmer ) 



30 HL 



2 . 5 mM dNTP mixture solution 



8 |1L 



2.5 mM magnesium acetate 
5' -primer (10 pmol/|lL) 
3' -primer (10 pmol/|XL) 



4.4 M-L 



35 



1.6 [1L 



1 . 6 JiL 



30 



GeneAmp DNA Polymerase (Perkin-Elmer ) 2 |IL 

The supernatant is transferred to a new tube, treated with 
phenol- chloroform , and precipitated with ethanol , and the precipitate 
is dissolved in 89 HL of distilled water. The following reagents are 
5 added thereto and incubated at 50°C for 3.5 hours. 

Buffer #2 (New England Biolabs) 10 
Bovine serum albumin (x 100) (New England Biolabs) 1 |XL 
Sfil (New England Biolabs) 2 |1L 

The reaction solution is treated with phenol-chloroform and 
10 precipitated with ethanol, and the precipitate is dissolved in 50 
|XL of TE buffer. The agarose gel electrophoresis is conducted and 
shorter fragments are removed by excising them from the gel, and the 
collected DNA is dissolved in 20 |LIL of distilled water. This DNA is 
ligated with a cohesive end of Dralll-digested pME18SFL3 vector 
15 (GenBank Acc . No. AB009864) fragment, which is complementary to a 
cohesive end remaining in the above DNA fragment digested with Sfil, 
with T4 DNA ligase , andE. coll is transformed with the vector obtained . 
In this manner, the secondary vector library in which a cDNA library 
of the present invention is the primary library can be constructed. 
20 Alternatively, in the case of using a promoter sequence of an RNA 
polymerase as the above sequence to be artificially added, a sense 
strand RNA library can be synthesized by the in vitro transcription 
reaction. Following is a description for synthesizing an RNA library. 
[0059] 

25 To the immobilized primary library of the present invention, 

the following reagents are added and incubated at 37°C for 10 min. 
After the reaction, the supernatant is transferred to a new tube, 
treated with phenol-chloroform and precipitated with ethanol . A 
precipitate is dissolved in 50 |LIL of distilled water. Thus, an RNA 

30 library transcribed using a cDNA of the present invention as a template 
is collected. 

Distilled water 76.8 |LlL 

10 x T7 Pol. Buffer (Takara Shuzo) 10 (XL 

5 mM rATP, rUTP , rCTP , rGTP mixture solution 8 HL 
35 2.5 mM magnesium acetate 4.4 |1L 

T7 RNA polymerase (Takara Shuzo) 2 |IL 



31 



[0060] 

[Effects of the Invention] 

The present invention provides a cDNA of a novel structure in 
which the 5' -side of the sense strand cDNA was immobilized. By this 
5 characteristic, an immobilized cDNA library with the high 
immobilization efficiency of full-length cDNA and diverse full-length 
cDNA can be provided. The known immobilized cDNA libraries contain 
numerous incomplete cDNA due to the immobilization only by immobilizing 
a primer for synthesizing an antisense strand (the first strand) . 

10 In the present invention, by artificially adding an known nucleotide 
sequence to the 3 ' -side of the first strand cDNA (an antisense strand) , 
as a result, full-length cDNA can be immobilized at a high efficiency 
and an immobilized cDNA library with diverse full-length cDNA can 
be synthesized. 

15 [0061] 

As a known artificially added nucleotide sequence in the present 
invention, a promoter capable of synthesizing an RNA in vitro, or 
a gene encoding a functional protein can be used. Moreover, these 
artificially added known nucleotide sequences are arranged upstream 

20 of the sense strand (the second strand) , and thus, provide various 
uses. For example, in the case of using a promoter sequence, an mRNA 
library whose template is an immobilized cDNA library of the present 
invention can be prepared. In addition, because a cDNA library of 
the present invention is immobilized, RNAs with a same level of quality 

25 can be infinitely produced in theory by collection and reuse. By 
introducing the produced sense strand RNA containing a translation 
initiation codon into a living organism, a biological activity of 
the gene can be expressed in cells. For example, an expression RNA 
library produced from an immobilized expression cDNA library produced 

30 from a living organism in a specific condition can be a useful material 
for studying and analyzing responses of the living organism against 
the gene group expressed in the condition. 
[0062] 

As the RNA obtained here is a sense strand in thepresent invention , 
35 a protein can be synthesized in vitro. Because a cDNA library 
containing a translation initiation codon can be immobilized , a protein 
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library can be produced by the reaction for synthesizing proteins 
in vitro. The produced protein library can be a useful research 
material for, for example, proteome analysis and as a search source 
for various biologically active proteins, for example, medical 
5 products. An in vitro translation system provides proteins only in 
a very small amount but expresses the proteins in the condition similar 
to the natural condition due to extreme similarity to the protein 
synthesis system in vivo. While a size and a kind of protein molecules 
which can be expressed by, for example, phage library, are limited, 

10 an in vitro expression system does not have such limitations, and 
is suitable for the expression of diverse genes, such as a library. 
In addition, by inserting a gene encoding a specific protein between 
a promoter sequence and cDNA, a gene library for fusion proteins with 
a specific protein can be produced by using an immobilized cDNA library 

15 as a template. 

[0063] 

A cDNA library provided by the present invention enables the 
synthesis of the secondary cDNA library using the library as a primary 
library. By using a cDNA library of the present invention as a primary 

20 library, theoretically all cDNAs are synthesized by conducting PCR 
using an oligo dT and an artificially added known nucleotide sequence 
as primers. A complex of cDNAs synthesized in this manner provides 
the secondary library of excellent quality, reflecting a population 
of full-length cDNA in the primary library. A library of the present 

25 invention can be theoretically reused over and over again due to the 
immobilization. In other words, a homogeneous library containing 
numerous full-length cDNAs can be continuously provided. In the cDNA 
libraries synthesized based on the known methods , the library is known 
to be difficult to be amplified while maintaining a population in 

30 mRNA , due to a very small amount of full-length cDNAs . Therefore, 
a cDNA library of the present invention is extremely useful for 
progressing researches in cDNA. 

As described above, an industrial usefulness of the present 
invention is extremely high as a method for efficiently producing 

35 a sense strand RNA library, as a means for constructing a library 
of proteins encoded by the cDNA thereof, and a means for producing 
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5 



a full-length cDNA library with a stable quality, 

[0064] 
[Sequence Listing] 

SEQUENCE LISTING 
<110> Helix Research Institute 



<120> Immobilized cDNA Library 

10 <130> promoters 

<140> 
<141> 

15 <160> 3 

<170> Patentln Ver. 2.0 



20 <210> 1 
<211> 20 
<212> DNA 

<213> Bacteriophage T7 



25 <400> 1 

taatacgact cactataggg 2 0 

<210> 2 

<211> 20 

30 <212> DNA 

<213> Bacteriophage T3 

<400> 2 

aattaaccct cactaaaggg 20 

35 

<210> 3 
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<211> 18 
<212> DNA 

<213> Bacteriophage SPG 
5 <400> 3 

atttaggtga cactatag 18 

[Brief Description of the Drawings] 
[Figure 1] 

10 Figure 1 schematically shows a principle for synthesizing a cDNA 

immobilized at the 5' -side of the sense strand by the present invention . 
[Figure 2] 

Figure 2 schematically shows a principle for synthesizing a cDNA 
immobilized at the 5 ' - side of the sense strand by the present invention , 
15 indicating an embodiment in which a known nucleotide sequence is 
artificially added to the 3' -terminal of the first strand cDNA. 
[Figure 3] 

Figure 3 schematically shows of a principle for synthesizing 
a cDNA immobilized at the 5' -side of the sense strand by the present 
2 0 invention, indicating an embodiment in which a complementary sequence 
of a known nucleotide sequence is artificially added to the 5' -terminal 
of an mRNA. 

[Figure 4] 

Figure 4 schematically shows a principle for synthesizing a cDNA 
2 5 immobilized at the 5' - side of the sense strand by the present invention , 
indicating an embodiment in which a complementary sequence of a known 
nucleotide sequence is artificially added to the CAP structure at 
the 5' -terminal of an mRNA. A full-length cDNA can be specifically 
immobilized by using a reaction specific to the CAP structure at the 
30 5' -terminal. 

[Figure 5] 

Figure 5 schematically shows of a principle for synthesizing 
a cDNA immobilized at the 5' -side of the sense strand by the present 
invention , showing that the arrangement to upstream of the sense strand 
35 is possible by using a promoter as a known sequence. 
[Figure 6] 
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Figure 6 schematically shows a principle for synthesizing a cDNA 
immobilized at the 5' - side of the sense strand by the present invention , 
showing a variation in the case of adding a long nucleotide sequence. 
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[Document Name] Drawings 
[Figure 1] 



The first strand cDNA to which a specific sequence is added at the 3 '-terminus 



2 



DNA polymerase 



Annealing the first strand cDNA to an 

immobilized sequence complementary to th 

3 '-terminal sequence of the first strand cDNA 



wmmmmmmmmmmmmmm vvvvviwvrriw 

5' 

Synthesizing the second strand cDNA 
using the immobilized oligonucleotide 
as a primer 

3' 



1AAAAAAAAAAAAA 



3. 5 . 



3» The first strand 

■ t iriu ' irrrrri. ' rrr cdna 

(antisense strand) 




A specific sequence to be added to the 3 '-terminus 
of the first strand cDNA 

3" A synthetic nucleotide immobilized on a solid phase. 

■Mi is a part complementary to a sequence added 
to the 3 '-terminus of the first strand cDNA r and 
■M is a spacer sequence. 

3' 

i^MHHM^HMM^HBHHHHAAAAAAAAAAAAA Sense strand cDNA 



[Figure 2] 



5« 3' 



Oligo dT primer 

Reverse transcriptase 



Synthesizing the first strand cDNA 
using an oligo dT as a primer 

3' 



(Alkali treatment) 



OH 



5* 



Removing mRNA 



DNA ligase 



OH 5' 




Adding a synthetic nucleotide having 
a specific sequence to the 3 '-terminus 
of the first strand cDNA 



3* 



5' 



3' 



DNA polymerase 



OH 



r XTX " X , XTX , , X , ' X ,, X , X ' , X ,, r , X ' 



1: 



OH 5» 

Synthesizing the second strand cDNA 
using the immobilized oligonucleotide 
s a primer 

3' 



KAA AAAAAAAAAAA 
■TTTITITTTTTTT 



5' 3 r 



The first 3trand 
( antisense strand) 




(5': a phosphate group and 3': blocked terminus) 

3* A synthetic nucleotide immobilized on a solid phase 
MM is a part complementary to a sequence added 
to the 3 '-terminus of the first strand cDNA, and 
■■■ is a spacer sequence. 



The second strand 
IAAAAAAAAAAAAA cDNA 

(sense strand) 
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[Figure 3] 



5* 



"H Adding an oligonucleotide having 
RNA X»xgase 1 a specific sequence to the 5 '-terminus of mRNA 

3' 



Oligo dT primer 



Reverse transcriptase 



Synthesizing the first strand cDNA 
using an oligo dT as a primer 



5' 3' 

E^3MMMMWMMMMMWMMMM 1111 ]»n 9 £ T ± m m 



5* 



Annealing the first strand cDNA to 
an immobilized sequence complementary 
to the 3 '-terminal sequence of the 
first strand cDKA 



rrrTTTTTTTTTTT 



DMA polymerase 



iSynthesi 
using th 
as a prij 



zing the second strand cDNA 
the immobilized oligonucleotide 
primer 

3' 



1AAAAAAAAAAAAA 



k AAAAAAAAAAAAA 



U«NA 




An oligonucleotide having a specific sequence 
to be added to the 5 '-terminus of mRNA 



The first strand 
cDNA 

(antisense strand) 




A sequence that is complementary to a 3pecific sequence 
at the 5 '-terminus of mRNA and that is to be added to the 
3 '-terminus in the first strand cDNA synthesis 

A synthetic nucleotide immobilized on a solid phase. 
■■■■■I is a part complementary to a sequence added 
to the 3 '-terminus of the first strand cDNA, and 
mm is a spacer sequence. 



IAAAAAAAAAAAAA Sense strand cDNA 
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toot** 1 



[Figure 4] 

RarH-j^T-T^i at Vai -ipQ prK>spiiatase I Removing a phosphate group 

▼ at the 5 '-terminus of incomplete mRNA 

5' BO^^^^^>^^^^^ 3« 

TVobacco acid pyrophosptiatase 1 Converting the 5 '-terminus having a 

J CAP structure to a phosphate group 

5* »*v\y\/%yx^\-r*-rcrw%y\^A 3» 



5' BO. 



3' 

cb* 

RNA liigase 



Add 
% L spe 
▼ 5'- 



Adding an oligonucleotide having a 
specific sequence specifically to the 
5 ' -terminus of mRNA derived from CAP 



80 



5» ao>"^/%yv/^xrvrvrco h /v^v^^ 3' 

Oligo dT primer — . 

Synthesizing the first strand cDNA 
Reverse transcriptase I , . , 

X usxng a oligo dT as a primer 

* 3' 



5*80 
3' 



{Alkali treatment) 



Removing mRNA 



Capturing on a solid phase and 
synthesizing the second strand cDNA 



5 f 

5' 

5' 
3' 



mRNA 

An oligonucleotide having a specific sequence to be selectively added to 
the 5 '-terminus of mRNA having CAP structure (oligo CAP linker) 



5* 



3* The first strand 
(antisense strand) 



A sequence complementary to the oligo CAP linker 

to be added to the 3 '-terminus in the first strand cDNA synthesis 



. jbl <n *° 1 
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^ IRA** 5 



[Figure 5] 



5' 3* 



Promoter sequence 

KNA Lipase 



Promoter sequence 



Adding an oligonucleotide having a sequence 
containing a promoter sequence capable of 
synthesizing RNA in vitro to the 5 '-terminus 
of mRNA 



Oligo dT primer _ 



Reverse transcriptase 

51 Promoter sequence 



Synthesizing the first strand cDNA 
using an oligo dT as a primer 

MAAAAAAAAAAA 



P romoter s squenco 
5' 3* 




1 



Annealing the first strand cDNA to an 

immobilized sequence complementary to the 

3 '-terminal sequence of the fir3t strand cDNA 



DMA polymerase 
- w Promoter sequence 



1 



Synthesizing the second strand cDNA using the 
immobilized oligonucleotide as a primer 




lAAAAAAAAAAAAA 
■TXTTTTTTTTXTT 



5' 

5' 3* 

i&MBggsgpggggfggfp A promoter sequence that i3 capable of synthesizing RNA in vitro 
and that is to be added to the 5 '-terminus of mRNA 



51 The first strand 
■TTTCTrrJTTTCT cDNA 

(antissnsa strand) 



5 A sequence that is complementary to a specific sequence of 

the 5 '-terminus of mRNA and that is to be added to the 3 '-terminus 
in the first strand cDNA synthesis 

^| 5* 3* A synthetic nucleotide immobilized on a solid phase. 

KL~—^mMSSMS&fS00&5& WA&Z&r. is a promoter sequence capable of synthesizing 
*d RNA in vitro f and HMM is a spacer. 



3' 

lAAAAAAAAAAAAA Sense strand cDNA 



[Figure 6] 



5' 3' 



~ H 



Adding an oligonucleotide having a specific 
sequence to the 5 ' -terminus of mRKA 



Oligo dT primer 

Synthesizing the first strand cDNA 
Reverse transcriptase ^ uging a oligo dT a& fl primer 

OaMWMMMMMWWMMMW M Hill imill ' lT _ ( 



Promoter sequence 
3' 



i Annealing the first strand cDNA to an 
immobilized sequence complementary to the 
3 '-terminal sequence of the first strand cDNA 



ITTTTrrTrrTTTT 



5' 



DNA polymerase 



Promoter sequence 
^ 5' 3' 



Synthesizing the second strand cDNA 
using the immobilized oligonucleotide 
as a primer 

3' 



IAAAAAAAAAAAAA 
rTTTOTITTTTTTT 



5' 






3' 


5* 3' 


ATI 


oligonucleotide having a specific sequence 






to 


be added to the 5 '-terminus of mKNA 


3' 






5' The first strand 
















(antisense strand) 


3' 




5" 

3 A sequence that is complementary to a specific sequence of the 5 '-terminus 






of 


mRNA and that is to be added to the 3 '-terminus 






in 


the first strand cDNA synthesis 


§- 






3 F a synthetic nucleotide immobilized on a solid phase. OMNB is a 
5r UliUHl part complementary to a sequence added to the 3 '-terminus of the 
first strand cDNA, and <55555*££5!is a promoter sequence capable of 
synthesizing RNA in vitro. 








3' 
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[Document Name] ABSTRACT 
[Abstract] 

[Problems to Be Solved] An objective of the present invention is to 
provide a cDNA immobilized at the 5' -side of a sense strand cDNA (the 
5 second strand) . 

[Means to Solve the Problems] A cDNA library in which sense strand 
cDNAs are immobilized at the 5' -side is provided. A known nucleotide 
sequence is artificially added to the 3' -side of an antisense strand 
cDNA (the first strand) and the 5' -side of the second strand is 
10 immobilized by using a primer complementary to the above nucleotide 
sequence. Thus, a cDNA library with excellent qualities , which contain 
the full-length cDNA at a high possibility, can be obtained. 
[Selected Drawing] None 



